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TYPING OF MICROORGANISMS 

This invention relates to a method of detecting, 
identifying and quant itating microorganisms , and to 
oligonucleotide probes for use in this method. In 
5 particular, the method relates to the typing of specific 
isolates of microorganisms, and discrimination between 
strains and allelic subtypes . 

Background and Prior Art 

Correct identification of microorganisms is a 
10 vital part of microbiological practice, and is a 

prerequisite for selecting the most suitable form of 
treat men t of disease, for prevention of contamination of 
foods, and for prevention of cross -infection. In many 
cases it is important not only to identify the species of 
15 organism, but also to determine the strain and serotype, or 
even an allelic subtype. Such identification at sub- 
species level is particularly important in epidemiological 
tracing, for example in establishing the origin of 
hospital -acquired ( nosocomial ) infection . 
20 Disease caused by Staphylococcus aureus is most 

often the result of hospital-acquired infections. Strains 
of 5. aureus that are resistant to the penicillinase- 
re^istant antibiotic methicillin are now common, the first 
major nosocomial epidemic of a methicillin-resistant strain 
25 of 5. aureus (MRSA) having been described by Stewart and 

Holt (1963). The determination of whether or not isolates 
of S. aureus represent a single strain is of considerable 
epidemiological value in a hospital setting. 

Conventional methods of microbiological 
30 identification require culturing of microorganisms in a 
suitable growth medium, and this entails a delay of at 
least 24 hours, and often much longer. The methods 
utilis d are completely manual, and rely very heavily on 
the experience and skill of the microbiologist. Such 
35 methods do not lend themselves to automation. 
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The only alternative presently widely used is 
immuno logical identif ication, which usually requires the 
use of monoclonal antibodies. A prerequisite for such 
immunological identification is that the species of the 
organism in question be known, or at least strongly 
suspected. Some antibodies of broad specificity are 
available for use in preliminary screening. While 
immunological methods can be automated, they are time 
consuming and expensive. 

Other typing methods/ which can be used for 
certain species only, include toxin detection, isolation 
plasmids, bacteriophage, bacteriophage/bacteriocin typing 
systems, antibiotic susceptibility testing, protein typing 
by SDS-polyacrylamide gene electrophoresis, pulsed-field 
15 gel electrophoresis, immunoblotting, and restriction 
endonuclease analysis. 

The availability of molecular biological methods , 
including oligonucleotide probing and polymerase chain 
reaction (PGR), offers a means of more accurate, and more 
20 rapid and precise identification. it also permits the 

identification of previously unknown organisms. Techniques 
based on analysis of DNA are more discriminating than 
traditional methods, and overcome the variability inherent 
in discriminating between strains by assays which rely upc_ 
the phenotype of the target organism. 

The rRNA operon, rxn, is present in varying copy 
number in all bacteria, with some regions highly conserved 
and others highly variable (Neefs et al, 1990). 
Consequently, when genomic DNA digested with a restriction 
enzyme is hybridized to rRNA operons, several bands ar % 
detected (Gamier et al, 1991). The Southern hybridization 
of rRNA operons (ribo typing) to detect restriction fragment 
length polymorphisms (RFLPs) between strains has been 
reported in many bacterial species, including Salmonella 
35 typhi strains (Altw gg et al, 1989), E. coli strains 

(LiPuma et al, 1989), Xanthomonas maltophilla (Bingen et 
al, 1991), Legionella pneumophila strains (Harrison et al, 



25 



30 
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1992), and Staphylococcus species and subspecies, including 
MRSA strains (Blumberg et al, 1992; Monzon et al, 1991; 
Prebeim et al, 1991; DeBuyser et al, 1992). However, 
Southern hybridization is slow and labour intensive. 
5 Although the rRNA operon has a very high genetic 

stability and the length of the 16S rRNA gene is constant 
in all eubacteria (Neefs et al, 1990), the number of rRNA 
operons has been completely analyzed by Southern 
hybridization or PCR of the rDNA in only a few eubacteria, 
10 including Escherichia coli, demonstrating 7 operons (Morgan 
et al, 1977), Bacillus subtllis, 10 operons (Loughney et 
al, 1982), Clostridium perfrin&ens , 10 operons (Gamier et 
al, 1991), C. difficile, 10 operons (Giirtler, 1993) and 
Mycobacterium species (Bercovier et al, 1986) and 
15 Mycoplasma species (Amikam et al, 1984) 1 or 2 operons 

respectively. The reports describing sequence data for the 
16S-23S spacer region all include only a part of the total 
number of rRNA operons per genome, including E. coli 
demonstrating 5 spacers (Harvey et al, 1988), B. subtilis, 
20 2 spacers (Loughney et al, 1982), Pleisomonas 

shiaelloides, 3 spacers (Bast et al, 1992), Aeromonas 
hydrophila, 3 spacers (Bast & Collins, 1993), Caulobacter 
crescentus (Feingold et al, 1985), Acholeplasrma laidlawii 
(Nakagawa et al, 1992) and Enterococcus hirae, (Sechi & 
25 Daneo-Moore, 1993) 2 spacers respectively. 

International Patent Publication No. WO 91/16454 
by N.B . Innogenetics S.A. describes use of hybridization 
probes consisting of at least 15 nucleotides from the 
spacer region between rRNA genes of non-viral organisms for 
30 detection of non-viral microorganisms, particularly 
bacteria. The probes are species -specif ic, and are 
preferably 15 to 100 nucleotides of the spacer region 
between the 16S and 23S rRNA genes, A separate 
oligonucleotide prob is recjuired for each microorganism 
35 species. 

U.S. Patent No. 5,288,611 by Kohne describes 
methods and probes for identification and (Quantification of 
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any organism or group of organisms containing rRNA, 
including previously unknown organisms. Probes specific 
for individual species and for groups of related species, 
and Probes hybridising to rRNA or to tRKA are described. 

U.S. Patent No. 5,292,874 by Milliman discloses 
hybridization probes specific for Staphylococcus aureus 
probes, which detect a unique rRNA sequence in the 23 S rRNA 
gene . 

Japanese Patent Publication No. 6090793 by Takara 
Shuso Co. Ltd. describes methods for detection of bacteria 
of the genus Lactobacillus, by detection of a sequence it 
the spacer region between the gene encoding 16S rRNA and 
the gene encoding 23 S rRNA. 

The disclosure of each of these patent 
15 specifications is incorporated herein by reference. In 

each case sequences within the spacer region were selected 
on the basis of specificity for the organism from which 
they were isolated, and used in hybridisation assays or 
polymerase chain reaction (PCR) for specific identification 
20 of an organism. Each of U.S. Patent No. 5,288,611, U.S. 
Patent No. 5,292,874 and Japanese Patent Publication 
No. 6090793 requires a separate oligonucleotide for each 
species of organism. None of these specifications mentions 
the existence or number of rrn alleles, or describes a 
25 , method permitting differentiation of strains within a. 
species, or of allelic variations. 

International Patent Publication No. WO 93/11264 
by E.I. Du Pont De Nemours & Company, the contents of which 
are incorporated herein by reference, discloses a method 
30 for identification of microorganisms by amplification of 
hypervariable spacer regions between highly conserved 
sequences encoding rRNA. These spacer region sequences are 
amplified, using primer sequences; the same pair of primers 
is used for all sp cies of microorganisms; the sequences of 
35 these primers are highly conserved among prokaryotic 
organisms. Th products of amplification ar 

characteristic of a given species. A further amplification 
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step using arbitrarily primed polymerase chain reaction 
(AP-PCR; also known as randomly amplified polymorphic DNA; 
RAPD) is described as being able to differentiate serotype 
or strains within a species. However, it is evident that 
5 this method did not always enable differentiation betw en 

strains, and even if this differentiation was achieved, the 
patterns were not always clear. The conserved regions used 
as primers in WO 93/11264 are designated E and A herein, as 
described below. These findings have also been published 
10 elsewhere (Jensen et al, 1993; Jensen & Straus, 1993). Th 
contents of these publications are also incorporated herein 
by reference. 

PCR analysis of the 16 S rRNA gene has been used 
to demonstrate species -specif ic differences (Giirtler et al, 
15 1991) and strain differences (Vaneechoutte et al, 1992) in 
various bacterial species. Allelic species-specific 
differences within the 16S rRNA gene have been demonstrated 
in Clostridia (Gurtler et al, 1991). The rRNA alleles of 
E. coli (Brosius et al, 1981) and B. sxihtilis (Loughney et 
20 al, 1962) have been shown to have variable length 
16S-23S rRNA spacer regions. 

We have now surprisingly found that the presence 
or absence of specific variable length rDNA spacer regions 
varies between strains within a given microorganism 
25 species. By using different specific conserved regions of 
the rRNA operon, designated C and D herein (see Figure 1 
below) , as primers for polymerase chain reaction, and by 
using modified PCR conditions, we can achieve amplification 
of all alleles present in a microorganism sample, and thus 
30 we can differentiate between strains in any bacterial 
species, without the need for any further steps. The 
patterns obtained were stable within strains on repeated 
testing, using passaging either in vitro or in vivo, 
permitting discrimination within and between species, and 
35 designation of specific types within strains. 
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Brief Description of the Drawings 

Figure 1 shows the position of the 
oligonucleotide primers (A, B, C, D, E) used in the prior 
art and in the present invention. The abbreviations ile 
5 and ala refer to the respective genes -encoding tRNA for 

isoleucine and alanine. Primers A and E are as disclosed 
in WO 93/11264. 

Figure 2 illustrates the approaches used for the 
detection of rRNA alleles in C. difficile by Southern 
10 hybridization and PCR. The hatched bars (A, B, C and D) 
show positions of the respective PCR products (Table 3), 
the shaded bar denotes the 16S rRNA gene, the solid bar 
denotes the 23S rRNA gene, and the line joining the 16S and 
23S gene depicts the spacer regions. The Hindlll site is 
15 at position 975 of the 16S rRNA gene (Gurtler et al, 1991). 

Figure 3 shows hybridization of PCR product B to 
Group II bands in genomic DNA isolated from C. difficile 
and C. bifermentans strains. 

Lanes 1-10 , C. difficile strains H13, H15, H16, 
20 H17, H18, H19, H20, H23, 9689 and 9689, respectively; 

Lanes 11-13, C. bifermentans strains AM312, 
AM360, and AM818, respectively; 

Lane 14, pBR328 DNA digested with SgJI and Hint I, 
labelled with photodigoxigenin; 
• 5 - * indicates the position of an extra band visible 

in C. bifermentans products. 

Figure 4 illustrates the hybridization of PCR 
product A to Group I and II bands in genomic DNA isolated 
from C. difficile strains. 
0 Lane 1, pBR328 DNA digested with Bgll and Hinfl, 

labelled with photodigoxigenin; 

Lanes 2-11, H24, H25, H26, H27, H2B, H29, H30, 
H31, H32 and H33, respectively. 

Figure 5 shows the detection of rRNA alleles in 
5 C. difficile strains by Southern hybridization. The 

symbols, box shadings and the position of the Jfindlll site 
are described in the legend to Figure 2. Bands depicted as 
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Group I (Figures 3 and 4) correspond to fragments 5' of th 
HindHI site and Group II bands (Figures 4 and 5) 
correspond to fragments 3* of the tfindlll site. * r fers 
to bands which are not present in all strains. 
5 Figure 6 shows the constant and variable length 

regions within PCR product C amplified from C. difficile 
strains, as demonstrated by agarose gel electrophoresis of 
undigested (lanes 2-7) and HindHI -digested (lanes 10-15) 
PCR product C. 

10 Lane 1, pBR328 DNA digest with Hinfl and Bgll; 

Lanes 2-7, HIS, H24, H28, H30, H31 and H33, 
respectively; 

Lane 8, no DNA control; 

Lane 9, pBR328 DNA digested with Hinfl and Bgll; 
15 Lanes 10-15, hl3, H14, H17, H19, H23 and 630, 

respectively • 

The standards are 2176, 1766, 1230, 1033, 653, 
517, 453, 394, 298, 234 and 220 bp respectively. 
C d , constant Hindlll-digested; 
20 V u , variable undigested; and 

V d , variable ffindlll-digested. 

Figure 7 shows denaturing PAGE of PCR product C 
amplified from strains of C. difficile. 

Lanes 1-8, H17,H15, H14, H13,, 6989, 630 H23 and 
25 H19, respectively; 

Lane 9, no DNA PCR control 

Lanes 10-19, H33, H32, H31, H30, H29, H28, H27, 
H26, H25 and H24, respectively. 

The sizes of the respective alleles are shown on 
30 the left [mean ± SEM (number of determinations)]. The 

molecular mass markers used (not shown) were X DNA digested 
with Hindlll and BcoRI (947 and 831 bp bands only) and 
SPPI DNA digested with ZcdKZ (1150 and 1000 bp bands only) . 

Figure 8 is a dendrogram showing the 
35 relationships of C. difficile ribotypes . Using maximum 

parsimony, 50 ecjually parsimonious trees were found, one of 
which is shown. The same ribotypes were found in each of 
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the circled branches (a, b, c) for all 50 trees. The root 
of the tree (C. blfermentans) had no bands in co mmo n with 
any of the ribotypes. 

Figure 9 shows the distribution of rRNA genes and 
5 restriction sites in the region of interest in 

Staphylococcus Aureus. The solid line joining these genes 
can vary in length in the same strain or in different 
strains (Figure 12b) . At the bottom of the diagram, the 
dashed lines show positions of the PCR products C, I 6 J, 
10 which were obtained using the primers R1392F and LR488, 
SP1F and SP2R and SP1F and LR2 0F respectively (Table 8). 
The dotted lines show the origins of Hpall fragments (E, F, 
G and H) obtained from PCR product C. The locations of 
other primer binding regions that were used to seguenc 
Hpall fragment E are also shown . 

Figure 10 illustrates denaturing PAGE of PCR 
products amplified from strains of S. aureus. 

(a) Methicillin resistant S. aureus (MRSA) 
ribotype A, (lanes 1-3) , and ribotype B (lanes 4-8). The 
sizes of the respective alleles are shown on the right 
[mean ± SEM (number of determinations)]. 

(b) All MRSA ribotypes A- 1 (excluding C) and 
penicillin-sensitive ribotype Pa (ATCC 9144). 

(c) Penicillin and methicillin sensitive 
25 S. aureus strains. 

Lanes 1-6: Ribotypes Pi, pj, pf A(strain Hll); 

Lanes 9-16: B, Mi, Mh, Mi, Pi, Mh and M j . 

The sizes of the respective alleles are shown on 
the right [mean ± SEM (number of determinations)]. The 
30 molecular mass markers (lanes 7 & 8) used were X DNA 

digested with Hindlll and EcoRI (1375 and 947 bp bands 
only) and SPP1 DNA digested with BcoKl (1150 and 1000 bp 
respectively) . 

Figure 11 shows the alignments of 16S-23S spacer 
35 sequences from S. aureus. PCR product C from S. aureus 

strains (Table 9) was cloned into M13mpl8RF and sequenced 
with the primers listed in Table 8 and Figure 9 The 



20 
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se<juences were derived from th clones and isolates listed 
in Table 7. The sequences SA16S and SA223S were taken from 
Ludwig et al (1992). The alignment of rm alleles with 
SA16S (a), rraC, E, F, G, H, J, K & L (b) and rrn alleles 
5 SA23S (c) is shown. The symbols refer to an identical base 
(.), and absent base (-), t = (rrnA, E, J, L, F) , 
• = (clones 4, V17, V32) and S = (clones 4, V4, V8, V32, 
V43). 

Figure 12 is a dendrogram showing the 
10 relationships between the 16S-23S alleles using the data in 
Figure 13b or Table 7 . The same tree was obtained using 
either sets of data. One parsimonious tree was obtained 
with the program DMA PENNY from the PHYLIP package. Then, 
using MACCLADE, of the 16 possible rerootings, the tre 
15 shown was selected because it was drawn using the longest 
allele (rraA) as the root. The numerals indicate the 
numbers of changes /branch. The dotted lines show the 
clades which contain alleles without tRNA genes, and the 
solid lines show the clades which contain alleles with tRNA 
20 genes. 

Summary of the Invention 

The method of the invention avoids c umb ersome 
steps retired by previously available methods, «nd i 8 
suitable for testing large numbers of samples; it is also 
25 -amenable to automation. 

The method of the invention is particularly 
suitable for epidemiological studies, for example 
identifying the source of hospital outbreaks of antibiotic- 
resistant microorganisms, or tracing the source of 
30 microorganisms causing contamination of foodstuffs. 

According to a first aspect, the invention 
provides a method of identification of microorganisms, 
comprising th steps of extracting and purifying DNA from a 
sample suspected to contain bacteria, and subjecting the 
35 16S-23S rRNA spacer region of said DNA to amplification, 

using a first primer comprising a sequence from the 5' end 
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of th 16S rRNA gene, and a second primer comprising a 
sequence from the 3' end of the 23S rRNA gene, thereby 
producing fragments having detectable differences in size 
and number, and separating the amplified fragments. 

Because the amplified fragments produced in the 
method of the invention are of variable length, they can be 
analysed directly, for example by electrophoresis; no other 
experimental step, such as hybridzation, is necesary in 
order to demonstrate differences between strains, although 
in some situations a hybridization step could be 
advantageous . 

The amplified products may be separated by any 
method which provides sufficient resolution. We have found 
that small conventional polyacrylamide gels have somewhat 
15 poor resolution, and our studies have used long denaturing 
polyacrylamide gels. However, the person skilled in th 
art will be aware that other separation methods, such as 
capillary electrophoresis or high performance liquid 
chromatography, may be used. 
20 Similarly, the studies described herein have 

employed amplification of DNA sequences by polymeras chain 
reaction. However, the skilled person will be aware that 
other amplification methods are known, and may also be 
used. For example, ligase chain reaction, 3SR 
25 m amplification, strand displacement amplification, 

QP replicase reaction, or branched DNA signal amplification 
are available (see Wolcott, 1992 for review). The skilled 
person will readily be able to test these alternative 
methods for suitability for use in the invention. 

Optionally additional probes may be used, for-, 
example comprising the sequence encoding tRNA ile and/or the 
sequence encoding tRNA* la . 

The sample will usually be a clinical sample such 
as blood, tissue, urine, faeces, sputum etc., a food 
35 sample, or an environmental sample such as a water samp] 
or a soil sample. Other types of samples may be us d, 
depending on the circumstances . 
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The DNA may be extracted by any suitable method, 
but preferably the method is a rapid one. Extraction with 
guanidine hydrochloride or by boiling water followed by 
column purification are both suitable. in some cases, 
5 particularly where clinical specimens are used, it may be 
advantageous to effect a preliminary purification of the 
sample following DMA extraction. If the nature of the 
bacteria sought to be tested is known, this may be carried 
out using monoclonal antibody methods, such as those using 
10 monoclonal antibody conjugated to magnetic beads. Some 
broad spectrum antibodies are also available for this 
purpose. 

While the method of the invention is specifically 
described with reference to Clostridium difficile and to 
15 Staphylococcus aureus, it will be clearly understood that 
the invention is not limited to these organisms, and is 
applicable to any microorganism for which the sequences of 
the 165 rRNA gene and the 23S rRNA gene are known. These 
sequences enable suitable probes to be designed. 
20 Preferably the primers used correspond to a 

highly conserved region from the 3 1 end of the spacer 
region, and to a highly conserved region from the 5 1 end of 
the spacer region respectively. 

According to a second aspect, the invention 
25 provides amplification primers for use in the method of th 
invention. As described above, these primers correspond to 
highly conserved regions from the 3 1 end of the . 
16S-23S rRNA sacer region and the 5' end of the 
16S-23S rRNA spacer region respectively. Preferably they 
30 correspond to regions from the 5 1 end of the 16S rRNA gene 
and to a region from the 3 1 end of the 23S rRNA gene 
respectively. Preferably the primers are 15 to 20 
nucleotides long, since 15 nucleotides is generally 
cons id red to be a minimum length of primer for PCR, but 
35 conservation is generally lost at greater than 20 
nucleotides . 
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In a preferred embodiment the primers are R1391F 
and LR488 or LR194F as herein defined. Most preferably 
UU88 is 15 to 19 nucleotides long, and R1391F is 15 to 18 
nucleotides long. Primer C (LR488) is particularly 
preferred, because it is more highly conserved than primer 
A. 

We have found that in fact there are three 
regions in the first 520 base pairs of the 23 S rRNA gene 
which are highly conserved through a wide variety of 
species of bacteria and fungi, and which are useful as 
amplification probes in the present invention. These are 
summarised in Table 1. 
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Detailed Description of the Invention 

The invention will now be described by way of 
reference only to the following non- limiting examples , and 
to the drawings referred to above 

5 Bacterial strains and their Cultivation 

Bacterial strains used herein are listed in 
Tables 2 and 3 . 

The identity of all strains of Clostridium 
difficile was determined by biochemical tests (Cato et al, 
10 1986) and confirmed by gas-liquid chromatography (Sutter >t 
al, 1985). Purified stocks were stored in cooked-meat 
broth at room temperature or in glycerol broth at -20°C. 
All strains were grown in brain heart infusion broth (BHI, 
Gibco) . The stability of ribotype patterns was tested by 
15 passaging single colonies from horse blood agar plates 

every 2-3 days over a 5 week period. Toxin B production by 
C. difficile strains was detected by the method of 
Boondeekhun et al (1993). 

The identity of all S. aureus strains was 
20 determined by biochemical tests (Kloos & Schleifer, 1986), 
and antibiotic sensitivity tests were assessed by the agar 
dilution method (break points were determined according to 
NCCLS guidelines. Vol 13 No. 25, 1993). Purified stocks 
m were stored in glycerol broth at -70°C. All strains were 
25 grown in trypticase soya broth (TSB,Oxoid). The stability 
of ribotype patterns was tested by passaging singl 
colonies from sheep blood agar plates five times a week for 
s ix weeks . 
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30 





Strain 


T 


RT 


Plasmid 


Year of 
isolation 


Source 




C. difficile 














B17,H18 


+ 


G 




1990 




5 


E23 


+ 


F 




1990 






B24 




J 


ND 


1990 






H25 


- + 


D 


ND 


1990 






B26 




K 


ND 


1991 




10 


H27 
H28 
H29 


+ 
+ 
+ 


G 
L 
H 


ND 
ND 
ND 


1990 
1990 
1991 


Hospital, Melbourne, 
Australia 




E30 




M 


ND 


1991 






E31 


+ 


' D 


ND 


1991 






H32 


-»■ 


N 


ND 


1991 




15 


H33 


+ 


£ 


ND 


1991 






H14,B16,B20 




E 


+ (A) 


1990 






H13 




O 


_ 


1990 






H14 




P 


+ (B) 


1990 






H15 


+ 


D 




1990 




20 


6390 


+ 


E 


ND 


1993 






6048 


♦ 


G 


ND 


1993 






AM690 


KD 


Q 


ND 


1962 


St Vincent's Hospital, 
Melbourne , Australia 




ATCC 9689 


+ 


R 






American Type Culture 
Collection 




630 


+ 


F 


+ (C) 


1987 


H. Hachler, Switzerland 


25 


C. bl £ airmen tans 











ATCC 638 

AM312 
AM360 



American Type Culture 
Collection 

Dr R. Wilkinson, 
University of 
Melbourne, Australia 



35 



Abbreviations: T Toxin production 

RT PCR-ribotype of C. difficile strains 

(Table 5) 
The plasmid types are designated: 
none detected 

+ extrachroxnosomal bands detected (A, B and C are the different 

sized band paters obtained) 
ND not determined. 
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Table 3 
S. aureus strains 



10 



15 



20 



Location 


xear 


Number of 
Isolates 


Methicillin-resistant 






Guildford, NCTC 10442 


I960 


1 


New York, ATCC 33952 


1981 


1 


Melbourne, RMHt 


1982 


10 


Til/ wpmpi I 1 ft J A 


1982 


1 




1 ft o o 

1982 


1 


nciuDujLue , ruul 


1982 


6* 


-A- ±, w .J. I Ivi 


1982-83 


9 


London, RFH 


1983 


6 


London, NCTC 12232 


1986 


1 


Melbourne, HRH 


1988-89 


7 


Me Ibourne , HRH 


1992-93 


2265 


Melbourne, RCH 


1993 


3 


Penicillin-sensitive 






HRH 


1992-94 


14 


Oxford, UK, ATCC 9144 


1944 


1 


Bundaberg, Australia, NCTC 2669 


1928 


1 


UK, NCTC 8532 


1953 


1 


Methicillin-sensitive 






HRH 


1992-93 


31 



The numbers of strains isolated from various 
locations at various times are shown. The strains from 
Ireland are listed in Townsend et al (1987) as WG1761-3 
(plus 6 other strains) while those from RFH are listed in 
Townsend et al (1984) as WG2710, 2715, 2720 and 2724 and in 
Townsend et al (1987) as WG2716 (plus 3 other strains) 



30 



NCTC 
ATCC 



National Collection of Type Cultures/ UK 
American Type Culture Collection 
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HRH Heidelberg Repatriation Hospital 

RMH Royal Melbourne Hospital 

RCH Royal Children's Hospital, Melbourne 

RFC Royal Free Hospital, London 

5 * including Hll, H12, HI 4 

S including D46 

t including H21 



DNA isolation and amplification 

Genomic DNA and plasmid DNA was isolated by the 

10 protocol of Giirtler et al (1991), except that the cell 

walls of 5. aureus were disrupted by incubating the strain 
with 200 g lysostaphin ml*" 1 at 37°C for 5-10 min. DNA 
regions (Figures 1 and 9) were amplified by the protocol of 
Giirtler (1991), except that the reaction volume and amount 

15 of DMA were halved, and 1.25 units Tag polymerase 

(Boehringer) were used. The primers used are shown in 
Tables 4 and 7 below. For the amplification of M13 clone 
inserts in S. aureuB, 50-100ng of single stranded M13 clone 
DNA was added to PCR mixtures using primers M13F and R . 

20 Restriction enzyme analysis 

For C. difficile, purified PCR products 
R907-LR507 and R1391-LR507 were digested singly or doubly 
with 10-15 units Hindlll and Cfol, as instructed by the 
manufacturer (Boehringer) . Genomic DNA was digested with 

25 30 units Hindlll. The digested and undigested PCR products 
were resolved on 2% (w/v) low-gelling-temperature plus 
2% (w/v) 'AR' agarose gels. The ifindlll-digested genomic 
DNA was resolved on 1% (w/v) 'AR' agaorse gels. 

For 5. aureus, PCR product M13F-M13R was digested 

30 with 10-15 units Dral or tfinfl, as instructed by the 

manufacturer (Boehringer) . Genomic DNA was digested with 
20 units Hpall. The digested PCR products and genomic DNA 
were resolved on 2% w/v low-gelling-temperature plus 
2% (w/v) 'AR' agarose gels. 
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Southern hybridization 

The protocol of Gurtler et al (1991) was 
followed. PGR products were labelled with digoxigenin. 

Denaturing PAGE 

5 The amplification protocol described abov was 

followed with some modifications. The reaction volume was 
decreased by a factor of two and 2 ^Ci [a- 32 P]dATP (DuPont 
or Amersham) was added. The reduction of the unlabelled 
dNTPs by a factor of four increased the yield of labelled 

10 product. Radiolabeled DNA fragments were separated on ? 
0.4 mm thick, 38 cm wide and 50 cm high (Bio-Rad) , 
3.5% (w/v) polyacrylamide gel containing 7 M-urea (Sambrook 
et al, 1989) . Gels were dried in a vacuum slab gel drier 
(Bio-Rad) for 2 h at 80°C. Autoradiographic exposure was 

15 18-96 h. 

DNA sequencing 

Sequencing was performed by the dideoxynucleotide 
method of Sanger et al (1977) using the Bst DNA sequencing 
kit (BioRad) . 7 -Deaza-2 ' -deoxyguanosine triphosphate was 
20 used to minimize band compression due to GC-rich regions. 

The primers used for sequencing are listed in Table 8 below 
and in Figure 9. 

Data analysis 

DNA sequences were processed and analysed by th 
25 following methods. The DNASIS program (version 6; 

Pharmacia) was used to orient, join and edit DNA sequences. 
The orientation of inserts was deduced by alignment with 
the 16S or 23S rDNA seqences from B. subtilis (Green et al, 
1985) or S. aureus (Ludwig et al, 1992). The 17 sequences 
(fragment E, Figure 1) w r aligned using CLUSTAL V 
(Higgins et al, 1992) and were aligned to the 16S and 23S 
rDNA sequences from S. aureus (Ludwig et al, 1992). 
Further modifications to the alignment wer done using 
MACCLADE software (Maddison & Maddison, 1992) . 



30 
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Phylogenetic analysis was done with the software package 
PHYLIP using DNAPENNY (Felsenstein, 1993). The resulting 
treef ile was then imported into MACCLADE for further 
analysis and presentation. 
5 The presence or absence of PCR product C bands 

was analysed as follows: 

(1) The presence or absence of bands 
(corresponding to region R1391-LR507) on autoradiograms was 
analysed by using the program Biolmage (Millipore) . Th 

10 average sizes of the 16 alleles (xxnA-P) were calculated 
from five separate gels ranging from 1-51 determinations 
for the respective alleles. Using these sizes as internal 
standards, molecular masses were assigned to respectiv 
bands from the different strains. Twenty-four strains from 

15 four gels were then compared at once . Presence or absence 
of bands was scored by a 1 or 0, respectively. 

(2) The resulting data matrix prepared from 
four gels was analysed by maximum parsimony (Swofford, 
1985). 

20 Intense bands were reported as positive; when the 

faint bands were also reported as positive the results did 
not change. The resulting data matrix was analysed using 
MIX and DOLLOP in the program PHYLIP. 

Example 1 Ribotyping of Strains of Clostridium 

25 difficile 

The DNA typing approaches used are shown in 
Figure 2 and Table 4. Products A and B were hybridized to 
Hindlll -digested genomic DNA isolated from C. difficile and 
C. bifermentans strains. Differences in Jfindlll sites on 

30 both flanking sides of the 16S rRNA gene were sought within 
and between strains. Products C and D were amplified from 
C. difficile strains in an attempt to find differences in 
the length of the 16S-23S spacer region within and betw en 
strains . 
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The products amplified cover the regions shown 
where S=16S rRNA gene and L=23S rRNA gene. The sense of 
the primers used is shown by R=reverse, F=f orward and 
*=identical region, with R1391 being the complexant of 
5 R1391F. The positions of all the primers are in regions 
which are highly conserved in eubacteria (Neefs et al, 
1990; Guttell & Fox, 1988) . The nucleotide numbering 
system is that of E. coli operon (Brosius et al, 1978) . 
The positions of each product are schematically repres nted 
10 in Figure 2. 

The bands detected by Southern hybridization 
(ribotyping) have been divided into Groups I and II, 
showing numerous Group II differences between strains and 
fewer Group I differences. Ribotyping of 21 isolates of 
15 C. difficile from the Heidelberg Repatriation Hospital and 
one from St Vincent's Hospital, Melbourne, Australia, 
produced 14 restriction fragment length polymorphism (RFLP) 
types, 10 of which are shown in Figure 4. There were 10 
group I bands, demonstrating 10 rRNA alleles in 
20 C. difficile. 

Products A and B consist only of parts of the 
16S rRNA gene (Table 4). We have shown previously that the 
16S rRNA gene is of constant length between alleles and 
strains of C. difficile (Gurtler et al, 1991). When PCR 
25 product B was hybridized to C. difficile genomic DNA, Group 
II bands hybridized predominantly. (Figure 3), the Group I 
bands hybridized faintly, because product B included 62 bp 
5* of the Hindlll site (1/10 of product B) . When product B 
was hybridized to C. bif ermentans genomic DNA digested with 
30 Hindlll (Figure 3), no Group I bands hybridized and an 
extra band appeared (Y) due to an extra Hindi 1 1 site at 
position 675 of the 16S rRNA gene (Gurtler et al, 1991). 
When PCR product A was used as a probe (Figure 4), the 
Group I and II bands hybridized with equal intensity. The 
35 orientation of the Group I and II bands is as shown in 
Figure 5 because product B hybridized predominantly to 
Group II bands and because the Hindlll site lies 62 bp 
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downstream from the 5' end of product B (Gurtler et al, 
1991) . 

Example 2 Identification of a Variable Length Region 

Between the ^n fl 23S rRNA Gene of 

5 Clostridium difficile 

Prom Figures 3, 4 and 5 it can be seen that th 
Group II bands consist of the spacer region and part of the 
23S rRNA gene. These Group II bands were of variabl 
length, which could be explained by the presence of either 
10 a variable Hindlll site or of an insertion within th 

spacer or the beginning of the 23S rRNA gene. To determine 
which possibility was correct, we amplified PCR products C 
and D, both of which include the spacer regions (Table 4) . 
When the product C primer combinations of Table 4 were 
15 used, several bands (V u ) of varying molecular masses were 
obtained from each C. difficile strain, as shown in 
Figure 6. The presence of bands varied from strain to 
strain. When V u bands were digested with Hindlll, a band 
appeared at 430 bp (C d ) ; this was of higher intensity than 
20 the digested variable length bands, V d . Band C d appeared 
in all the strains listed in Table 2 (results not shown) . 
When the product D primer combination was used, the same 
Ifindlll band (C d ) was present, demonstrating that this ban - 
^contains the 23S rRNA gene from position 80-507 (Table 5). 
25 The demonstration of band C d shows that this region is of 
constant length between alleles . Taken with the Southern 
hybridization data of Figures 3 and 4, these results show 
that the variable length regions lie between the 16S and 
23S rRNA genes. The exact base pair location of the spacer 
30 regions can only be determined when the separate alleles 
have been sequenced. 
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Example 3 Improving Resolution of Bands 

The resolution of the variable length bands was 
low, as can be seen in Figure 6, and so it was decided to 
increase the resolution with long denaturing polyacryl amide 
5 gels. When this was done, the same amplification products, 
designated V u in Figure 6 separated into between 5 and 9 
bands per strain, with the presence of bands variabl 
between strains . These results are shown in Figure 7 . 
Each band was assigned as an allele, resulting in a total 
10 of 16 alleles (A-P) of variable length. The constant 

length regions within the 16S and 23 S genes were partially 
characterized, and the results are summarized in Table 5 . 
The variability in length was due to variable length 
16S-23S spacer regions between alleles. 
15 PCR product C was amplified from various C. 

difficile strains and separated by denaturing PAGE 
(Figure 7). The presence of variable length alleles (rxnA- 
P) is shown. The size of each allele is shown in Figur 7. 
The outer limits of the constant regions are depicted by 
20 restriction enzyme-cut sites (see Figures 5 and 6) . The 

strain numbers corresponding to the ribotype are listed in 
Table 2. The number of isolates in each ribotype is list d 
below each letter. Th constant length regions were 
collated from results obtained in Figures 3, 4 and 6 and 
25 Gurtler et al (1991). The variable length regions wree 
collated using Biolmage software from Figure 7 and thre 
other denaturing polyacrylamide gels . 

Example 4 Relationship Between Ribotypes of 

Clostridium difficile 

30 When all of the C. difficile strains listed in 

Table 2 were analysed, 24 strains were divided into 14 
ribotypes, which are also shown in Table 5. The dendrogram 
depicted in Figure 8 shows that 3 clusters (a, b, c) are 
found in all tr es analysed. Within ribotype G, 2 isolates 

35 were cultured from one patient at different times; within 
ribotype E , 3 isolates were cultured from one patient at 
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different times. All other isolates which had identical 
patterns (ribotypes D, E, F , G and H) were from different 
patients . 

Example 5 Stability of Band Patterns in Clostridium 

5 difficile 

The stability of band V D sizes and patterns was 
investigated in detail by passaging five strains over a 5 
week period. The alleles were scored as positive or 
negative by appearing visually identical and by having 

10 similar calculated molecular masses. The results, 

illustrated in Figure 7 and Table 5, show that both th 
band sizes and patterns were highly reproducible in five C. 
difficile strains. The band sizes and patterns of strains 
H23 and 630 were reproducibly identical. 

15 Product C was amplified from various C. difficile 

strains and separated by denaturing PAGE. Accumulated 
values (mean±SEM) taken from five separate electrophor sis 
runs are shown. The data include runs (PCR, DNA 
preparations and electrophoresis) done over a 9 month 

20 period, as well as a stability testing experiment with the 
number of single colony passages per strain shown. 
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Table 6 

Stability of product C bands from C. difficile strains 



Strain 



10 



All«lM 


630 


9669 


(typa E) 


El 5 
(type D) 


H23 
(type P) 


rrnX 


1166±3 


1163*4 


1164*4 


1163*5 


1161*4 


rmB 


1108*2 


1100*4 


1106*3 


1108*4 


1106*3 


rrnD 












rrnE 






1068*2 






rroF 










1052*2 


rraG 


1050±2 






















rial 








1008*2 




rnu 








992*2 




rroK 


978*2 








975*1 


rroL 


945*3 


937*2 


948*3 


943*3 


938*2 


xxnM 


928±3 








922*2 


rraN 






906*3 


906*3 




rrnO 


B90±3 


884*1 




887*3 


885*1 






651*1 




853*3 




Statistics 












n 


14 


8 


11 


9 


9 


DNX 

preparations 


5 


5 


4 


4 


5 


Passages 


14 


14 


10 


10 


14 


PCR runs 


10 


5 


4 


4 


6 



25 The main finding of the present study was that 

the presence or absence of specific variable length rDNA 
spacer regions varied between C. difficile strains . The v 
patterns obtained were stable within strains upon repeated 
testing after passaging in vitro and in vivo, allowed the 

30 designation of strains to specific typ s, enabled 

discrimination within and between species, and allowed for 
the easy testing of large numbers of strains. Thus the 
novel molecular typing method of the inv ntion may be 
applied to epidemiological studies of C. difficile. 
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Since 500 bp of the 5* end of the 23S gene was 
amplified, it was possible that the observed heterogeneity 
of PGR products was due to an insertion within the first 
500 bp of the 23S gene. This possibility is supported by 
5 several findings. At least one extra cleavage site has 
been reported in the large rRNA subunit of Leptospira 
interrogans (Hsu et al, 1990) and Salmonella species (Hsu 
et al, 1992), producing several fragments smaller than 23S 
and a 90 bp intervening sequence has been shown to be 
excised during large subunit rRNA maturation (Burgin et al, 
1990). The results presented in this specification show 
that in C. difficile, 430 bp 3' from position 507 of the 
23S rRNA gene was of constant length and the 16S-23S spacer 
DNA was of variable length between alleles. 

The 16S-23S spacer regions of B. subtilis (Void, 
1985) and Z. coli (Pournier & Ozeki, 1985) contain tRNA 
genes which vary in length from 75-90 bp. Of the 7 rrn 
operons in E. coli, all contain from 1-3 tRNA genes 
(Brosius et al, 1981), while in B. subtilis operons, two 
out of the three analysed sets of the 10 rrn have been 
shown to contain tRNA genes (Loughney et al, 1982) . It is 
possible that the 16S-23S spacer regions in C. difficile 
characterized herein may contain tRNA genes. 

Example 6 Ribotyping of Strains of Staphylococcus 

aureus 

Genomic DNA was isolated from 5. aureus as 
described above, and amplified using the primers described 
in Table 6 and Figure 9 . 
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m 

U 



u 

3 

5 

o 

CO 
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Numbering according to; 

*, the published 23S rRNA sequence from S. aureus (Ludwig 
et ml, 1992); 

t, the aligned spacer sequence for S. aureus (Fig. 3); 
5 I, the published 16S rRKA sequence from S. aureus (Ludwig 
et ml, 1992); 
S, the published sequence for bacteriophage M13; 
I , sequence obtained by the present inventor; 
*, addition of Spa II sites (underlined) at 5' end of 
10 R1391F & LR488. 

Letters in brackets indicate the designations of 
primers as given in Figure 1. As stated above, primers A 
and E are as disclosed in WO 93/11264. 

Using the DMA typing approach described above and 
15 the primers LR1391F, LR1392F and LR488 as shown in Figure 
9, PCR product C was anqplified from the S. aureus strains 
listed in Table 3. These included 281 MRSA from four 
geographically distinct clinical sources and 48 penicillin 
or methicillin sensitive strains from a single Melbourne 
20 source; several methicillin-resistant or sensitive strains 
from type culture collections were also used. These 
strains yielded various amplified products, of which only 
the most intense bands were considered to be alleles. In 
m total, 15 alleles, designated rrnA to rmO, were 
25 • recognised, with 14 varying in length from 935 to 1223 bp, 
as shown in Figure 10. rraO was 906 bp in length (results 
not shown) . 

From Figure 10A, it can be seen that among the 
strains, two ribotypes, A and B, that were highly 
reproducible in individual isolates were obtained, with 104 
and 174 strains respectively (including 5 type strains). 
An additional 7 ribotypes were found among the remaining 9 
MRSA strains; Figure 10b shows 8 MRSA ribotypes. Ribotype 
A was the major ribotype found between 1960 and 1989 in 
35 Melbourne (19/22 strains), Singapore (7/9 strains), Ireland 
(9/9 strains), New York (1/1 strain) and UK (12/12 



30 
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strains). After 1989 , ribotype B was the major ribotype 
found at the Heidelberg Repatriation Hospital; 17 6 wer 
ribotype B and 57 were ribotype A. 

In contrast to the MRSA strains , the sensitive 
5 strains showed considerably more variation in the presence 
or absence of bands, yielding an additional 26 ribotypes 
from the 48 strains studied. Figure 10c shows some of 
these strains. The MRSA ribotypes A, B i*n^ I included some 
of the penicillin or methicillin sensitive strains. The 
10 occurrence of the alleles in the various ribotype classes 
is summarized in Table 8. 

PCR product C was amplified from various S. 
aureus strains and separated by denaturing PAGE (Figure 
10). The presence of variable length alleles (rmA-O) is 
15 shown. The size of each allele is shown in Figure 10. The 
data were collated (using Biolmage Software) from Figur 10 
and four other denaturing polyacrylamide gels . 
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Table 6 

Distribution of alleles in S. aureus ribotypes 



|Ribotype Allele (rrn) 

ABCDEFGHI J KLMNO 
iMethicillin sensitive 



Ma 
Mb 
Mc 
Md 
Me 
Mf 
|Mg 
Mh 
Mi 
Mj 
Mk 
MI 
I Mm 
Mo 
Mo 
Mp 
Mq 



-t- - - - - + 
+ - - + + + 
- - - + . . 



+ - + - 



+ + + 
+ + - 



+ + + + - + 
+ + + + - + 



+ + 



+ - 



+ - 



+ + 



+ + - 
+ - - 
+ - - 



+ + - 
+ + + 



+ + + - 
+ - + - 



+ + - + 
+ + - + 



+ + 



+ + 



IPeniciHin Sensitive 



Pa 
Pc 
Pd 
Pe 
Pf 

Pg 
Ph 
Pi 
Pj 

MRS A 



+ 



+ - + 

+ + + 
+ + - 



+ + 



+ 



+ - + - 

+ + + - 

+ + + - 

* + + + 

- + - + 



+ 
+ 
+ 



- + - 

- + - 



No. of 
Isolates 



2 

2 

2 

2 

2 

1 

1 

1 

1 

2 

1 



At 
B§ 

e 
p* 

E 



+ 
+ 



+ 
+ 

+ 
+ 



178 
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t including Hll; one isolate was penicillin-sensitive and 

another was methicillin-sensitive; 
S including D46 and H12; one isolate was methicillin- 

sensitive; 

5 S five isolates were methicillin-sensitive; 
* including H14; 
t including H21. 



Example 7 Stability of Ribotypes of Staphylococcus 

aureus 

10 The stability of ribotypes A, B, C, D and Pa was 

investigated by 30 serial passages of strains 9144, Hll, 
H12, H14 and H21 over a six-week period. The ribotype was 
assessed after every fifth passage by visual comparison 
with reference patterns, and was found to be stable except 
15 for strains H12 and H21. Strain H12 was identified as 
ribotype B at all passages except the fifth, where rrnL 
appeared, making it ribotype A. Strain H21 was originally 
found to be ribotype D; however during the stability 
experiment it was found to be ribotype A at all passages 
20 subsequently investigated (the colonies from which the DMA 
prepared were used completely) . After plating out colonies 
from the original frozen stock, genomic DNA was prepared 
from 10 separate colonies of strain H21: in all cases th 
ribotype was found to be A. The instability of strains H12 
15 and H21 could be explained by a contaminant or by the 

rearrangement, duplication or deletion of an rrn operon to 
yield rx^L or rnM respectively. This instability did not 
affect the typing of S. aureus strains significantly, since 
it was an infrequent event. 
l 0 The instability of rrn operons has been reported 

in B . subtiliB (Widom et al, 1988) and E. coli (Hill & 
Harnish, 1982). These reports show evidence for the loss 
of an rrn operon, and there is also evidenc for 
recombination leading to chromosomal rearrangement of rrn 
5 operons (Hill & Harnish, 1982). The instability of 

ribotype D (strain H21) could be explained by the loss of 
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rrnM jiving rise to th stable ribotype A. The relative 
instability of ribotype B in the present study was due to 
the loss of rrnL. The frequency of such events is low 
[-10" 4 ; (Hill & Harnish, 1982)] and thus will have little 
5 practical effect on this method. 

Example 8 Sequenci ng of Variable Length 16S-23S rRNA 

Alleles 

In order to isolate and compare the variabl 
length sequences of the 16S-23S rRNA alleles, PCR product C 
o from strains D46 (ribotype B) , Hll and ATCC33952 (both 
ribotype A) was cleaved with ifpall and the resulting 
fragments cloned into M13 vectors. PCR product C 
(Figure 1) was amplified as described above from S. aureus 
genomic DNA from strains D46, Hll, and 33952 using primers 
5 R1391F and LR488, R1391FH and LR488H or R1391F and LR194F 
(Table 7) . For each strain, ten equivalent reactions were 
pooled, precipitated with 26% w/v polyethylene glycol in 
20mM MgCl 2 (Paithankar & Prasad, 1991) and digested with 
flpall. For D46, 1 g of the ffpall digested products were 
' end repaired with 4 units of T4 DMA polymerase 

(Boehringer) , 200|iM dMTPs, 3 3mM Tris -acetate (pH 8.0), 66mM 
potassium acetate, lOmM magnesium acetate, 0.5 mM 
dithiothreitol, O.lmg bovine serum albumin ml* 1 and 
incubated at 11©C for 30 minutes. For 33952 and Hll the 
Hpall digested products (l-25ng) were ligated directly into 
Accl digested M13mpl9RF (50ng: in a total of 10ul) and the 
end repaired Bpall digested products (l-25ng) from strain 
D46 were ligated into Smal digested M13mpl9RF (50ng: in a 
total of 10 ul) with 1 unit T4 DNA ligase (Boehringer) ,., 
66mM Tris-HCl (pH 7.5), 5mM MgCl 2 , ImM dithiothreitol, 
ImM ATP and incubated at room temperature overnight. The 
competent JM109 E. coli cells (50ul; Promega) were 
transformed with 2-3ul of the ligation mixtures according 
to th protocol described in Sambrook et al (1989). After 
plates w re incubated overnight at 37 °C, bacteriophage M13 
plaques were either picked off and grown in Luria Broth 
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(LB) or colony hybridizations (Sambrook et al, 1989) to 
Hpall digested PCR product C labelled with digoxigenin were 
performed. Positive plagues were then picked off and grown 
in LB (Sambrook et al, 1989). Single stranded 
5 bacteriophage M13 DNA was then prepared from all the 

positive clones (Sambrook et al, 1989) . To determine the 
presence and size of the inserts, the single stranded DMA 
from the H13 clones was used as a template in the PCR using 
M13F and R primers which flank the Sinai and AccI 
10 restriction sites (Yanisch-Perron et a2, 1985) . Four 

clones were isolated from D4 6, one containing insert E, one 
containing insert F, one containing insert G and one 
containing insert H. Sixteen clones, designated V2-V17 
were isolated from Ell; seven contained insert E, four 
15 contained insert H, four contained insert 6 and one 

contained insert F. With the sequence information of 
insert (H), primer LR194F was designed so as to contain a 
Hpall site. For strain 33952, primers LR194F and R1391F 
were used to obtain a mixture of PCR products, which were 
20 digested with Hpall to yield predominantly product E and 
cloned into M13mpl9; clones V18-V47 were isolated, and of 
these 9 contained insert E . These results are summarized 
in Table 9. 
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It was confirmed that the inserts were of 
variable length when amplified by PCR and then digested 
with Dral or Hinfl (results not shown; restriction enzyme 
cleavage sites are indicated in Figure 1) . it was 
5 determined from the first insert sequenced (clone 4) that 
Hinfl digested at the and of the tRNA ile gene (Figures 1, 
lib) . All the PCR products which were digested with Hinfl 
contained a tRNA 11 * gene, and this was subsequently 
confirmed by DNA sequencing, as shown in Figure lib. 

10 The 16S-23S rDNA spacer sequences of 9 rrn 

operons were determined from 3 methicillin resistant 
S. Aureus strains. The variation in 16S-23S spacer length 
(303 bp to 551 bp) was accounted for by the type (tRNA al<i 
or tRNA lle ) and number (one, both or none) of tRNA genes, 

15 and by the presence or absence of other sequences of 
unknown function. 

Example 9 Designation of Alleles 

The designation of alleles set out in Table 9 was 
made by direct correlation with fragment C molecular 

20 weights (Figure 10A) . The length of the spacer varied fr m 
303 bp to 551 bp. The fragment B insert sequences were 
aligned to the 16S, 23S and 16S-23S spacer rDNA sequences, 
as shown in Figures 11a, 11c and lib respectively. There 
wejre only 4 base pair differences in the 16S rDNA 

25 sequences, in contrast to 71 base pair differences in the 

23S rDNA sequences. In the 16S-23S spacer rDNA (Figure lib 
and Table 9) there were no differences in CS1 and CS2; 
however, there were striking gaps between alleles in 
regions VS2 , tRNA ala , VS3, VS4, VS5, VS6 , VS7, and VS8. 

i0 The tRNA ile gene was present in rraJ, G,F,C and A, while the 
tRNA ala gene was only present in rrnA and C. The number of 
base pair differences between clones judged to be the same 
allele was 5 for rrnJ (from strains Hll, D46 and 33952, 
isolated in 1982, 1992 and 1981 r spectively) , 2 for rraH 

5 (from strains 33952 and Hll), 4 for rmF (strain 33952) and 
5 for rrnc (33952) . 
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Using phylogenetic analysis, the rrn alleles were 
divided into 3 distinct groups, which are shown in 
Figure- 12; "a" contains tRNA ila and tRNA al \ "b" contains 
tRNA Ala only and "c M contains no tRNA genes. 
5 To confirm the presence of variable length 

16S-23S spacer regions in genomic DNA, PCR products I and J 
were hybridized to genomic DNA isolated from S. aureus 
isolates. Between 4 and 7 bands ranging from -600 bp to 
-850 bp were obtained for all strains, with variation 
10 between strains. The results are in close agreement with 
the results obtained with PCR-ribotyping (Figure 10) and 
DNA sequencing (Figure 11 and Table 9). 

The type of tRNA gene found in the 16S-23S spacer 
varies in number (0, 1 or 2) and combination between operon 
15 and between species; A. hydrophila (East & Collins, 1993) 
and E. coli (Morgan et al, 1977) have tRNA ala , tRNA ix# and 
tRNA glu ; B. Bubtilis (Loughney et al, 1982) and 
C. crescantus (Feingold et al, 1985) have tRNA lle and 
tRNA ala ; p. shiQelloidBB (Bast et al, 1992) has tRNA fllu ; 
Methanococcua vanielli (Jarsch & B6ck, 1983) and 
Enterococcus hirae (Sechi & Daneo-Moore, 1993) have 
tRNA ala ; and Mycobacterium bo vis has no tRNA genes (Suzuki 
et al, 1987). The length of the spacer varies from 156 bp 
for M. vanielli (Jarsch & B6ck, 1983) to 551 bp (present 
25 specification) . We have now found that there is 

intraspacer and interspacer variation of other sequences 
besides tRNA genes. 

Our results show that variable length 16S-23S 
spacer regions occur in genomic DNA whose size range is 
30 similar to the results obtained with PCR-ribotyping 

(Figure 10) and DNA sequencing (Table 9). The majority of 
strains presented in this study were from the Heidelberg 
Repatriation Hospital (274 strains of a total of 322). 
Among the MRSA strains, two ribotypes (A and B) that w re 
35 highly r producible in individual isolates were obtained 
(Figure 10a), with 101 and 180 strains respectively 
(including 5 type strains). An additional 7 ribotypes were 
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found among the remaining 9 MRSA strains (Figure 10b shows 
6 MRSA ribotypes). Ribotype A was the major ribotype f und 
(ribotype A/total no of strains in location) between 19 60 
and 1989 in Melbourne (19/22) , Ireland (9/9), New York 
5 (1/1) and UK (12/12). After 1989, ribotype B was the major 
ribotype found at the HRH (17 6 were ribotype B un d 57 were 
ribotype A) . In contrast to the MRSA strains, the 
sensitive strains showed considerably more variation in the 
presence or absence of bands, yielding an additional 26 
10 ribotypes from the 48 strains studied (Figure 10c shows 
some of these strains) . The MRSA ribotypes A, B and I 
included some of the penicillin or methicillin sensitive 
strains . The occurrence of the alleles in the various 
ribotype classes is summarized in Table 7. 
15 Thus we have shown that the presence or absenc 

of specific variable length rDNA spacer regions varies 
between 5. aureus strains. The patterns obtained were 
mostly stable within strains upon repeated testing, allow d 
the designation of strains to specific types, discriminated 
20 within the species S. aureus, and allowed for the easy 

testing of large numbers of strains. With these criteria 
met, the molecular typing method described here is useful 
for epidemiological studies of S. aureus. 

The variation in length and sequence of the 
25 16S-23S spacer makes it an ideal candidate for typing of 

strains and species identification which can potentially be 
applied to any species of the bacterial kingdom. Our 
method permits reliable, rapid identification and typing on 
this basis. 

30 The sequence information presented in Figure 11 v 

is tabulated to show from which 5. aureus strains the 
original PCR product was isolated, which clones were 
characterized, the size of the 16S-23S spacer <♦), the size 
of the tfpall insert (fragment E: %) , the presence or 

35 absence of sequences, with positions and lengths shown 
according to numbering in Figure 13), the base pair 
differences between clones for the 13 regions (CS=conserved 
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sequence, VS=variable sequenc ) and th OenBank accession 
numbers S. The size (base pairs, bp) of fragment C (3) can 
be obtained by adding 331bp (JJpaXI 2 to LR520) and 47bp 
(R1392 to fipalX 1 ) to fragment E (*). 
5 Whereas the bacteriophage typing system was 

formerly the standard method for S. aureus (Williams et al, 
1953), many current MRSA strains are not typable by the 
International Set of Phages (Richardson et al, 1988), 
requiring the addition of further experimental phages. 
10 RFLP analysis by pulsed-f ield-gel electrophoresis has been 
shown to be more discriminating than phage typing 
(Schlichting et al, 1993). However, RFLP analysis relies 
on the stability of restriction enzyme recognition sites 
such that a point mutation within a site will result in a 
15 different RFLP. The sequence conservation of the rrn 

operons (Woese, 1987) argues for the use of the 16S-23S 
spacer region as a more stable and direct indicator of the 
evolutionary divergence of S. aureus strains, and is a 
valuable addition to the large number of typing methods 
20 available. 

It will be apparent to the person skilled in th 
art that while the invention has been described in some 
detail for the purposes of clarity and understanding, 
various modifications and. alterations to the embodiments 
25 and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
specification. 
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CIAIMS : 

1. A method of identification of microorganisms , 
comprising the steps of extracting and purifying DNA from a 
sample suspected to contain bacteria, and subjecting the 

5 16S-23S rRNA spacer region of said DMA to amplification, 

comprising a highly conserved region from the 3 1 end of the 
16S-23S rRNA spacer region, and/or a highly conserved 
region from the 5 1 end of said region, thereby producing 
fragments having detectable differences in size and number, 
10 and separating the amplified fragments* 

2. A method according to Claim 1, wherein the 
primers used correspond to a highly conserved region from 
the 3 1 end of the spacer region, and to a highly conserv d 
region from the 5' end of the spacer region respectively. 

15 3. A method according to Claim 1 or Claims 2, 

wherein the primers comprise a sequence corresponding to a 
region from the 5 1 end of the 16 S rRNA gene and/ or to a 
region from the 3 1 end of the 23S rRNA gene . 

4. A method according to any one of Claims 1 to 3, 
20 using a first primer comprising a sequence from the 5' end 

of the 16S rRNA gene, and a second primer comprising a 
sequence from the 3' end of the 23S rRNA gene. 

5. A method according to any one of Claims 1 to 4, 
wherein the primers are 15 to 20 nucleotides long. 

25 6. A method according to Claim 5, wherein the 

primers are respectively R1391F and selected from the group 
consisting of LR488 and LR194F, said primers being as 
herein defined. 

7. A method according to Claim 6, wherein LR488 is., 
30 15 to 19 nucleotides long, and R1391F is 15 to 18 

nucleotides long. 

8. A method according to any one of Claims 1 to 7, 
wherein one or more additional probes are used. 

9. Am thod according to Claim 8, wherein the 

35 additional probe is the sequence encoding tRNA ile and/or 
the sequence encoding tRNA ala . 



WO 96/19585 



PCT/AU94/00781 



- 48 - 

10. A method according to any one of Claims 1 to 9 
wherein the amplification is performed by a method selected 
from the group consisting of polymerase chain reaction, 
ligase chain reaction, 3SR amplification, strand 

5 displacement amplification, Qp replicase reaction, and 
branched DNA signal amplification, 

11. A method according to any one of Claim s 1 to 9, 
wherein the amplified fragments are separated by a method 
selected from the group consisting of denaturing 

10 polyacrylamide gel electrophoresis, capillary 
electrophoresis, and high performance liquid 
chromatography . 

12. a method according to any one of Claims 1 to 11, 
wherein the sample is a clinical or environmental sample. 

15 I 3 - A method according to any one of Claims 1 to 11, 

wherein the microorganism is a Clostridium or a 
Staphylococcus . 

14 • An amplification primer reagent for use in a 

method according to any one of Claims 1 to 13, comprising a 
highly conserved region from the 3 1 end of the 16S-23S rRNA 
spacer region, and/or a highly conserved region from th 5' 
end of said region. 

I 5 ' An amplification primer reagent according to 

Claim 14, comprising a sequence corresponding to a region 
25 from the 5' end of the 16S rRNA gene and/or to a region 
from the 3 1 end of the 23 S rRNA gene. 

l fi * An amplification primer reagent according to 

Claim 15, comprising a region from the 5' end of the 16S 
rRNA gene and a region from the 3' end of the 23S rRNA 
30 gene. 

1' • An amplification primer reagent according to any 

one of Claims 14 to 17, wherein the primers are 15 to 20 
nucleotides long. 

18* An amplification primer reagent according to 

35 Claim 16, wher in th primers ar respectively R13 91F and 

selcted from the group consisting of LR488 and LR194F, said 
primers being as herein defined. 
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19 . An amplification primer reagent according to 

Claim 18, wherein LR488 is 15 to 19 nucleotides long, and 
R1391F is 15 to 18 nucleotides long. 
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